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INTRODUCTION 
In a supported liquid membrane (SLM) extraction, also named pertraction, target analytes are extracted 
from an aqueous feed sample, the ‘donor phase’, into an organic phase entrapped in micropores of a 
hydrophobic support membrane, and further transferred into an acceptor phase. Different approaches and 
applications of SLM extraction are described in scientific literature such as analysis of drugs, pesticides, metal 
ions, organic pollutants1 etc. Though a number of SLM extraction investigations on metal ion separation have 
been reported in literature2, very little work has been doneon the application of membrane extraction for 
radionuclide separation3,4.  
Radiopharmaceuticals are drugs labeled with radionuclide which are used in various diagnostic and 
therapeutic applications in nuclear medicine. The interest for the usage of radiolabeled peptides and monoclonal 
antibodies for therapy is growing in the last decade. Also, radioactive isotope 177Lu and labeled 
radiopharmaceuticals are being increasingly used as therapeutic agents in nuclear medicine5. Although the 
percentage of binding the radionuclide to a target molecule is usually very high (~ 98%), there is always a 
fraction of the free radionuclide. This is very important in the case of radiopharmaceutical for radiotherapy. The 
single dose for radiotherapy can be very high (up to 30 GBq), thus the absolute amount of free radionuclide can 
be significant. The free 177Lu(III) accumulates in bones, thus is very important to separate free 177Lu(III) from 
the labeled compound. The most commonly applied technique for this purification is chromatography. Except 
that, the application of SLM extraction with flat membrane for separation labeled compound and free 177Lu(III) 
was proposed and studied in our previous paper4. 
Recently, SLM extraction has been simplified by introduction of a SLM extraction in a single hollow 
fiber without any special device6. The SLM extraction in a single hollow fibre can be operated only in a batch 
mode without any phase flow rate. Apart from common characteristics of membrane extraction such as large 
interfacial areas, low consumption of organic solution, good opportunity for process automation etc, SLM in a 
single hollow fibre has additional advantages such as easy to handle equipment, no special device to avoid 
accidental release of radioactive material and a sample volume as low as 1 cm3. 
The aim of the present study was to investigate the pertraction of Lu(III) from an aqueous phase by 
applying miniaturized SLM extraction in a single hollow fibre. The influence of the donor pH, content of the 
carrier in the organic phase and the time of extraction on lutetium extraction and stripping were investigated.  
EXPERIMENTAL 
The microporous polypropylene hollow fibre membrane (ACCUREL, Type PP 50/280, Membrane GmbH 
Wuppertal) with an inner diameter of 280 µm and an outer diameter of 380 µm was used as a hydrophobic 
support for the organic solvent. The lumen of the fibre was filled with the acceptor solution (2 mol dm-3 HCl) 
using a 1 cm3 syringe with 0.3 mm thick needle. The membrane was impregnated by soaking in the organic 
phase (2-40 % (v/v) DEHPA in dihexyl ether) for 30 s and the outer membrane surface was washed with water. 
Then, the lumen of hollow fiber was washed again with the acceptor solution and the ends of the hollow fibre 
were bent and wrapped with a peace of Al-foil and inserted in a 50 µL limited volume vial (Alltech). The 
membrane was then placed in 5 cm3 of the donor solution (2 mg dm-3 Lu(III) in the 0.2 mol dm-3 sodium acetate 
at pH ranging from 2.5 to 5.0). During the extraction, the sample bottle was shaken at 100 rpm using a 
laboratory shaker to decrease a mass transfer resistance in the donor phase. In regular time intervals, the 
membrane was taken out from the donor phase and the acceptor was collected by injecting the content of the 
hollow fibre lumen into 1.5 cm3 eppendorf vial with a 1 cm3 syringe. The effective volume was calculated after 
extraction for each hollow fibre separately. Also, the weight of the acceptor phase was measured using 
analytical balance.  
A 797 VA Computrace analyzer (Methrom, Switzerland) was applied for all voltammetric measurements, 
controlled by 797 VA Computrace software ver. 1.2. A Methrom Multimode mercury electrode, in the hanging 
mercury drop electrode (HMDE) mode, was served as a working electrode.  A Pt rod was the auxiliary electrode 
and an Ag/AgCl/KCl (3 mol dm-3) double function electrode with ceramic diaphragm was the reference 
electrode.The indirect voltammetric method using Zn-EDTA complex was applied to the determination of 
lutetium7.  
RESULTS AND DISSCUSION 
The supported membrane liquid-liquid extraction of trivalent lutetium with DEHPA as extractant was 
investigated in this study. The mechanism of extraction in a system with acidic carrier such as DEHPA is a 
coupled counter-transport of cations, which is proton driven. In this study Lu(III) is transported from the donor 
to the acceptor side of the membrane, while the protons are transported in the opposite direction, from the 
acceptor to the donor side. This means that the pH must be lower at the acceptor side. The pH gradient across 
the membrane should be at least 2 pH units in order to keep a constant mass transfer rate. 
The efficiency of lutetium transfer through the liquid membrane is evaluated by the three parameters: 
pertraction efficiency (P), removal efficiency (E) and recovery (R). The pertraction efficiency represents a 
fraction of Lu(III) initially present in the donor phase that was found in the acceptor after extraction: 
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n  is the initial number of moles of lutetium in the donor phase, nA is the number of moles of lutetium 
collected in the acceptor during extraction, in
D
C  is the initial donor concentration of Lu(III), CA is the 
concentration of Lu(III) in the acceptor phase, VA and VD is the acceptor and donor volume, respectively. The 
removal efficiency can be expressed as the fraction of lutetium removed from the donor phase: 
  
( )
in
D
w
in
D
n
nn
E
−
=        (2) 
where nw is the number of moles of Lu(III) remaining in the donor phase after extraction. If the removal of 
analyte from sample is a primary target, such as removal of free 177Lu(III) from labeled 177Lu-
radiopharmaceutical, E is more meaningful parameter than P. The recovery is a fraction of lutetium removed 
from the donor phase that is found in the acceptor: 
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where w
D
C is Lu(III) concentration left in the donor phase after extraction. The pertraction and removal 
efficiency depend on several factors 
such as the rate of diffusion of species 
through the membrane, the partition 
coefficient, the volume ratio of the donor 
to the acceptor phase, the time of 
extraction, pH of the donor and acceptor 
phase and the composition of the liquid 
phases. 
Fig. 1 shows the influence of the 
extraction time on the amount of Lu(III) 
extracted in a single hollow fibre. The 
experiments were carried out with a 18.5 
cm effective fibre length impregnated 
with 5% (v/v) DEHPA in dihexyl ether. 
Lu(III) was extracted from 5 cm3 of the 
donor phase into the acceptor phase. The 
extraction time was in the range from 5 
min to 24 h. All experiments were 
conducted in triplicate and the average 
value is presented in the graph. 
It can be seen from Fig. 1 that the 
equilibrium was reached after 
approximately 100 min of extraction and 
during this time interval 84% of Lu(III) 
was removed from the donor phase. It is 
evident from  Fig. 1 that  the  transfer  of  
Figure 1. The influence of the extraction time on the amount 
Lu(III) extracted in a single hollow fibre. Legend: ○ - P, 
pertraction efficiency; □ - E, removal efficiency; ∆ - R, recovery. 
Lu(III) from the donor phase to the organic phase is a fast process and 76% of Lu(III) was extracted in the first 5 
min of extraction. It means that after only 5 min the Lu(III) concentration reached more than 90% of its value at 
equilibrium. 
However, the pertraction efficiency, P, of Lu(III) ranges from 3.3% after 5 min of extraction to 6.6% at 
the equilibrium. The similar values in the range from 4.4 to 8% are obtained for the recovery of Lu(III), R, under 
the same conditions. It is clear that 76% of the Lu(III) removed from the aqueous phase remained in the organic 
phase entrapped within the pores. These results indicate that Lu-DEHPA complex is accumulated in the 
membrane phase which means that either there is a very high resistance in the membrane phase or the main 
mass transfer resistance is in the acceptor phase.  
The influence of the donor pH solution on Lu(III) extraction has been investigated over a donor pH range 
of 2.5 – 5.0 using the acceptor phase with a constant pH value of - 0.3. The obtained results are presented in 
Figure 2. Lanthanide metals can form complexes of different structure with DEHPA depending on pH of the 
aqueous solution8. Due to the fact that DEHPA exists as a dimmer in hexane it can be assumed that it forms the 
same aggregates in dihexyl ether. The equation describing the extraction equilibrium of Lu(III) present in a 
chloride solution at lower pH (1.5-3.5) can be written as: 
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where HA and A stand for DEHPA in molecular and deprotonated form, respectively. At higher pH (> 3.5) the 
dominant complexation reaction between Lu(III) and DEHPA can be expressed as follows: 
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At pH < 1.5 Lu(III) is present in 
the aqueous solution in the ionic form as 
LuCl2+ and does not form complexes 
with DEHPA. In addition, at very low 
pH values, the driving force for the 
counter-current transfer of H+ ions is too 
low. The flux of lanthanides across SLM 
depends on the structure of metal-
DEHPA complex which is in turn 
affected by pH of the donor solution. 
Fig. 2(i) shows the effect of the donor 
pH on the mean flux of Lu(III) across the 
membrane in the time interval from zero 
to 120 min at a constant Lu(III) 
concentration in the donor phase of 11 
µmol dm-3 and a DEHPA concentration 
in the organic phase of 0.15 mol dm-3. 
The mean flux, Jm, was calculated using 
the equation: )tA/(VC
A
*
A
, where *
A
C  is 
the equilibrium concentration of Lu(III) 
in the acceptor phase and A is the mean 
area of the hollow fibre wall. The mean 
flux increases with increasing pH from 
2.5 to 3.0 and reaches a plateau value in 
the pH range from 3.0 to 3.5. Over the 
pH range from 2.5 to 3, the flux of 
Lu(III) is limited by the magnitude of the 
driving force for the H+ transfer across 
the membrane. At pH 4.0, both 
complexation reactions described by 
Eqs. (4) and (5) take place in the organic 
phase and the rate of mass transfer 
decreases due to low diffusivity of 
LuA3(HA)3org. The mean flux is 
significantly lower at pH 5.0, because 
under this condition the LuA3(HA)3org  
complex is predominantly  formed in the 
Figure 2. (i) The effect of the donor pH on the mean flux of 
Lu(III) across the membrane; (ii) The effect of the donor pH on 
Lu(III) extraction in a single hollow fibre. Legend: ■ - Jm, mean 
flux; ○ - P, pertraction efficiency; □ - E, removal efficiency; ∆ - 
R, recovery. 
organic phase. As pointed out by Moreno and Valiente9, some Lu-DEHPA complexes are not able to permeate 
through the SLM due to various reasons.  
Probably, the decrease of permeability with increasing the number of DEHPA molecules in the complex 
can be explained by the increase of its stability and Lu(III) re-extraction at membrane-stripping solution 
interface proceeds only partly or is even fully suppressed. Another reason for this behaviour is a lower 
diffusivity of LuA3(HA)3org complex in the organic phase due to the higher molecular weight.  
The results shown in Fig. 2(ii) support the conclusion that LuA3(HA)3org complex is only slightly 
permeable through the membrane at pH 5. The pertraction of Lu(III) increased from 29 to 36% with increasing 
pH from 2.5 to 4.0 and then sharply declined to 6.5% at pH 5.0. The similar behaviour was observed for the 
recovery of Lu(III) from the organic phase. However, the removal of Lu(III) from the aqueous phase was only 
slightly reduced from 80 to 75% with increasing pH from 4 to 5.0. Probably, the number of free DEHPA 
molecules at the donor solution-organic phase interface is high enough to allow the formation of new complex 
molecules in spite of the fact that re-extraction at the other side of the membrane is negligible.  
CONCLUSION 
Based on the results of SLM extraction of Lu(III) in a single hollow fiber presented in this paper, as well 
as in our previous work3, several facts on lutetium transport through liquid membrane containing DEHPA as a 
carrier can be concluded.  
The transfer of Lu(III) from the donor phase to the organic phase is a fast process and 76% of Lu(III) was 
extracted in the first 5 min of extraction. The time needed to achieve equilibrium was 100 min. Recovery of 
Lu(III) from the organic phase is not that efficient and strongly depends on pH of the donor solution and the 
content of DEHPA in the organic phase. The 5% DEHPA in dihexyl-ether is found to be the most suitable 
concentration of the carrier, regarding the removal and recovery of Lu(III), i.e. the whole process of pertraction 
of Lu(III). The pertraction of Lu(III) increased from 29 to 36% with increasing pH from 2.5 to 4.0 and then 
sharply declined to 6.5% at pH 5.0. However, the removal of Lu(III) from the aqueous phase was only slightly 
reduced from 80 to 75% with increasing pH from 4 to 5.0. 
One can be conclude the membrane pertraction of Lu(III) with DEHPA as carrier in a single hollow fibre 
is very efficient method for removal of Lu(III) from feed solution, but the reextraction process should be 
improved in further investigations. 
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Membranska pertrakcija lutecijuma sa di(2-etilheksil) fosfornom kiselinom kao esktragensom 
 
U ovom radu ispitivana je membranska ekstrakcija Lu(III) u trofaznom sistemu tzv. pertrakcija sa di(2-etilheksil) 
fosfornom kiselinom (DEHPA) kao ekstragensom. Lu(III) je ekstrahovan iz polaznog rastvora (donorska faza) u organsku 
fazu koja se nalazi u porama polimerne, hidrofobne membrane u obliku šupljeg vlakna i reekstrahuje se u akceptor koji je 
smešten u šupljini polimernog vlakna. Ispitan je uticaj vremena ekstrakcije, pH vrednosti donorske faze, kao i sastava 
organske faze na ekstrakciju i reekstrakciju lutecijuma. Rezultati su prikazani kao efikasnost pertrakcije (P), efikanost 
uklanjanja Lu(III) iz donora (E) i povraćaj Lu(III) iz organske u akceptosku fazu (R). Pri različitim pH vrednostima 
polaznog rastvora za ekstrakciju formiraju se različiti kompleksi Lu(III) i DEHPA. Transport Lu(III) kroz membranu zavisi 
od vrste formiranog kompleksa. Na osnovu eksperimentalnih rezultata optimizovani su uslovi membranske pertrakcije 
Lu(III) i odreñen je mehanizam ekstrakcije Lu(III) sa DEHPA.  
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